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14. 

The Ordnance Works Disposal site, also known as the Morgantown Ordnance Works, is 
located one mile south of Morgantown, West Virginia. The Monongahela River is adjacent 
to the site with a fairly steep cliff separating the river from portions of .the site. 
Remediation for this first operable unit focuses on the waste disposal area which 
consists of an inactive landfill, two former lagoons and the surrounding impacted axea, 

41 
a scraped area of bar~ soil. These areas are located within an industrial tract of 

r 800 acres of which 670 acres are owned by Morgantown Industrial Park Association, a 
up of private individuals who joined together to purchase the Ordnance Works property 

in 1982. Prior to this, the site was owned by numerous companies and used for a variety 
of chemical production operations. The landfill covers a surface area of approximately 
1.6 acres. The landfill was reportedly used from 1942 until 1962, for the disposal of 
various solid chemical wastes. Waste materials identified included: construction 
debris, slag, ash, and catalyst pillets. Arsenic and carcinogenic PAHs (CPAHs) were 
detected in the soils at concentrations exceeding risk-based cleanup levels. The former 
lagoon and the surrounding area, located adjacent to the landfill, cover a surface area 
of 3 to 4 acres. This area is relatively flat with a cinder-like surface layer and 
"sparse vegetation. Metal plating wastes were placed in the lagoon between 
(See Attached Sheet) 
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16. ABSTRACT (continued) 

1970 and !976. The lagoons were excavated in 1981, by the responsible party, and the 
contents were disposed of offsite. The metals present in the soil are currently below 
the recommended cleanup levels. CPAHs have been identified at levels exceeding cleanup 
standards in the area adjacent to the lagoons. An oily, stained cinder material was 
observed in areas where CPAHs were detected. The scraped area, carving a surface area 
of approximately 162 acres, was an active disposal area for solid wastes from 1942 until 
1962. The waste materials identified include: construction debris, oil-like stained 
soils, and catalyst pillets. Currently, arsenic and CPAHs exceed the proposed cleanup 
levels-. The primary contaminants of concern affecting the soil and sediments include 
arsenic and CPAHs. 

The selected remedial action for this site includes: consolidation of existing 
landfill waste and application of a multi-layer RCRA cap; excavation and onsite 
incineration of former lagoons and surrounding area, scraped area soil, and impacted 
stream sediments with onsite disposal of treatment residuals in the landfill prior to 
the installation of the cap (assuming the ash is not EP toxic); placement of clean fill 
in the excavated area, followed by grading and revegetation; implementation of surfac~ 
management techniques for drainage and sediment control in the landfill area; ambient 
air monitoring; and post-treatment monitoring. The estimated present worth cost for 
..a·remedial action is $6,718,000. 



DEX:LARATION FOR THE REX:ORD OF DEX::ISION 

SITE NAME AND LOCATION 

Ordnance WOrks Disposal Superfund Site - Operable Unit One 
Morgantown, Monongahela County, West Virginia 

STATEMENT OF PURPOSE 

This decision document represents the selected remedial action 
for this site developed in accordance with CEIO:A, as anended by SARA 
and to the extent practicable, the National Contingency Plan. 

The State of west Virginia has concurred on the selected remedy. 

STATEMENT OF BASIS 

This decision is based upon the administrative record (index 
attached). The attached index identifies the items which ~ise 
the administrative record upon which the selection of a remedial 
action is based. 

DESCRIPTION OF THE SELEX::TED REMEDY 

Operable Unit One consists of an inactive landfill, two former 
lagoons, an area of bare soil where wastes were deposited (scraped 
area) , and a former drum staging area. Operable Unit Two will focus 
on the Department of Defense industrial area for which only pre­
liminary information is presently available. 

The selected remedy, On-Site Incineration and Containment, is 
designed to treat, via incineration, soils of concern found in the 
scraped area and former lagoon area, along with sediments from the 
three streams that are located downgradient of the areas of concern. 
The incineration process will be conducted on-site with a mobile 
incinerator that will permanently destroy the organic contaminants. 
The ash generated from the incineration process will be tested for 
EP toxicity. Based on the level of inorganics present in the soil 
and sediments, it is anticipated that the ash will not be EP toxic 
and therefore, may be disposed in the on-site inactive landfill. Ash 
that tests positive for EP toxicity will be disposed at an off-site 
RCRA facility. · 

The selected remedy also includes the placement of a multi-layer 
RCRA cap on the inactive landfill. The cap will be extended into 
the subsurface clay to prevent surface water from infiltrating into 
the landfill and leachate from seeping out of the landfill. 

Other actions include placement of clean fill in the excavated 
areas, surface management techniques for drainage and sediment contro~, 
revegetation, ambient air monitoring and post-treatment monitoring. 



- 2 -

DEX:l.ARATION 

The selected remedy is protective of human health and the 
environment, attains Fede~al and State requirements that are applicable 
or relevant and appropriate, and is cost-effective. This remedy satisfies 
the preference for treatment that reduces toxicity, mobility, or volume 
as a principal element. Finally, it is determined that th' remedy utilizes 
permanent solutions and alternative tre nt (or recovery) 
te.chnologi7 to the maxinnm extent pra ti able. 

CBte .:yfK g iE::~~~~-----



INTRODUCTION 

Site Disposition and Surmnacy of Remedial 
Alternative Selection for the Ordnance 

WOrks Disposal Superfund Site 
cperable Unit Ole 

The EPA investigation of the Ordnance Works Disposal site (aka 
~rgantown Ordnance WOrks) focuses on three areas of concern: the waste 
disposal area; the former drum staging area; and the Department of Defense 
(OOD) industrial area. This Record of IA:!cision (I~D) will surrmarize the 
results of the Remedial Investigation/Feasibility Study (RI/FS) and will 
present a permanent renedy for ranedial action. 'lhe OOD industrial area 
will be further evaluated and addressed as a second Operable Unit. 

SITE r.cx::ATION AND DESCRIPI'ION 

The Ordnance Works Disposal site is located in Monongalia County on 
the west bank of the ~nongahela River approximately 1 mile sooth of 
Morgantcwn, West Vi rgi ni a (see Figure 1) • The topography surrounding the 
site is mountainous, daninated by the Olestnut Ridge, a lo~ anticlinal 
m::>untain in the Allegheny Mountain Range located seven miles east of 
~rgantown. At the Ordnance Wbrk Disposal site, the elevation of the 
gra.md surface in the areas investigated ranged fran 975 feet mean sea 
level {msl) to 1010 feet msl. The M:>nongahela River is a:ijacent to the 
site at 825 feet msl (see Figure 2), with a fairly steep clif·f separating__ 
the river fran th.e waste disposal area and former drum stcging area. · 
Approximately 4500 feet downstrean of the waste disposal area the City 
of M:>rgantown (population 31 ,000) ~erates a drinking water intake 
which supplies the city with approximately 70% of its potable water. 

The areas investigated are located within an industrial tract of 
over 800 acres of which 670 acres are owned by Morgantown Industrial Park 
Association: 62 acres are owned by Borg-Warner Chenicals, Inc.: 24 acres 
are owned by the Monongahela Railway Carpany: and 60 acres are owned by 
varioos private conpanies and individuals. The waste disposal area is 
located in the soothern portion of the industrial develq;:ment and consists 
of an inactive landfill (2 acres), t\r!O former lagoons and the surrounding 
impacted area ( 4 acres) , and a scraped area of bare soi 1 ( 2 acres) • The 
former drum stcgi~ area is located approximately 1800 feet north of the 
waste disposal area and immediately west of the Borg~arner South Plant. 
The OOD incilstrial area is located approximately 1400 feet north of the 
former drum stcging area (see Figure 2). 

Ground water at the Ordnance Vbrks site occurs in the shallow 
unconsolidated sediments in a discontinoos localized perched condition 
and in the deeper bedrock as a regional aquifer. The ground water flows 
eastward tcward the Monongahela River. 
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SITE HIS'IORY 

The Ordnance Works Disposal site has contained an active chemical 
production facility since its construction in the early 1940s. This 
facility was initially operated by private industries under agreement 
with the United States government, which owned the property between 
1943-1962. E.I. du Pbnt de Nemours first produced hexamdne f~ ammonia 
arx:l methanol for the Department of War (now Department of Defense). 
Sharon Steel subsequently operated a coke plant; Heyden Chemical q>erated 
an amenia production facility; and Olin Matheson later produced arm:mia, 
methyl achohol, formaldehyde, hexamine, and ethylene dianine at the 
facility. ' 

The United States goverrment sold the property to Morgantown Ordnance 
W::>rks, Inc. in 1962. This private corporation leased a portion of the 
site to Sterling Faucet, which operated a chrome-plating facility until 
1976. Borg-warner ChEmical Corporation purchased a 62-acre parcel in 
1964 and began operation of an organic chemdcal production facility. 
This chenrical production facility is presently active. 

Princess Coals, Inc. acquired the property in 1978, but did not 
actively lease or operate a chenical production facility. The Ordnance 
W::>rks property was purchased by private incii vi duals in 1982, who subse­
quently formed Morgantown Industrial Park, Inc. (MIP). MIP transferred 
the property to Morgantown Industrial Park Associates, the current pro­
perty owner, in 1983. 

Stt.dies and remedial activities at the Ordnance Works Disposal site 
began in 1981. Table 1 summari"zes the major samplir¥J and remedial 
activities that occurred at the site prior to the RI/FS. 

Table 1 

Date 

Remedi at i on/SCitlPl i ng Chronology-ordnance Works Disposal Site 

Event 

March-September 1981 

April 1983 

1\«> lagoons used for chrome platir¥J 
waste dis{X>Sal were excavated and 
their contents disposed of in an 
approved landfill by Bbckwell 
International Corporation. 

Site inspection and sanpling was 
undertaken by EPA's Region III 
FIT Team Sarpl es were obtai ned 
fran sealed and open drums. Also 
collected were water, soil, and 
sediment scrnples. Air scrnples 
were· collected at locations through­
out the site. 
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~1arch 1984 

May-June 1984 

July 1984 

O::tober 1984 

CURRENT SITE STATUS 

Soil scrnples were collected by MSES 
Consultants, Inc. (contractor to 
Morgantown Industrial Park Associates) 
and analyzed for PCB contcmi nation. 

Drurrs containing R:Bs were stcged 
in a secure storage area on-site 
·and m:>st were then disJ;XJSed of at 
an approved off-site facility. 
This 1te0rk. was performed by MSES 
under contract to Morgantown 
Industrial Park Associates. 

Site inspection and sampling was 
performed by EPA's Region V FIT 
Teem. Surface soils, surface 
runoff, and sediments were scmpled 
duriNJ this program. 

PCB-oontaminated soils were removed 
and disposed of by MSES under 
contract to Morgantown Industrial 
Park Associates. 

'Ihe major conclusions of the RI .. are stll'lll'larized as follcws: 

Endangerment Assessment ( EA) 

An EA was performed to determine the potential impacts on public 
health and the environment that may result from the release of hazardous 
substances from the site. Risk-based clearup levels for indicator chem­
icals were developed for arsenic (20 mg/k.g), carcinogenic polynuclear 
aranatic hydrocarbons (CPAHs: 26 mg/k.g), and mercury (175 mg/k.g). A PCB 
cleanup level of 5 mg/k.g was used based on EPA cleanup goals for industrial 
sites. 

Landfill 

'Ihe landfill covers a surface area of approximately 1.6 acres and is 
16 to 20 feet deep. The landfill was reportedly used fran 1942 until 
1962, during which time where varioos solid chanical wastes were disposed 
of at this location by fillirg an existirg ravine. Waste materials 
identified on-site included construction debris, slag, ash, and catalyst 
pellets. 
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Arsenic and CPAHs were detected in soils at concentrations that exceed 
risk~asej cleanup levels of 20 and 26 mg/kg, respectively, in all test pits. 
Average arsenic concentrations for each test pit were 24 mg/kg for test 
pit 1: 170 ~/kg for test pit 2: and 28 ng/kg for test pit 3. Average 
CPAH concentrations for each test pit were 280 mg/kg for test pit 1: 79 
mg/kg for test pit 2: and 33 ng/kg for test pit 3. 

Analyses of vertical profile sanples within the landfill shated that 
the upper 12 feet contain the highest concentrations of Hazardous Substance 
List (HSL) organic and inorganic contaninants. 'Ihe average arsenic 
concentration decreased fran 93 ng/kg (0 to 12 feet) to 16 ng/kg (12 to 
20 feet). 'Ihe average CPAH concentrations decreased fran 219 mg/kg (0 
to 12 feet) to 3.6 ng/kg (12 to 20 feet). 

Former Lagoon Area 

The former lagoons and the surra.mding area, located adjacent to the 
landfill, cover a surface area of 3 to 4 acres. This area is relatively 
flat with a cinder-like surface layer and sparse vegetation. A subsidiary 
of Aockwell International Corporation placed metal plating wastes in the 
lagoons between 1970 and 1976. In 1981, Rockwell excavated the lagoons 
and di SPJSed of their contents in an approved landfill • That HSL metals 
concentrations are presently belat cleanup levels in the former lagoon 
areas may be the result of Rockwell's efforts at this-location. 

In the area adjacent to the two lagoons, CPAHs have been identified 
at concentrations that exceed the risk~ased cleanup level of 26 mg/kg. 
The area .is approximately 0. 7 acres and extends to a depth of 6 feet. 
The maximum CPAH concentrations detected were 31,800 mg/kg at test pit a. 
and 750mg/kg at boring 7. An oily, stained cinder material was observed 
in areas where CPAHs were detected. 

Scraped Area 

The scraped area covers a surface area of approximately 1 to 2 acres 
and was an active disposal area for solid wastes from 1942 until 1962. 
The waste materials identified (generally at depths of less than 4 feet) 
are construction debris, oil-like stained soils, and catalyst pellets. 

Chanica! analysis of soil and fill in the scraped area revealed 
concentrations of metals and CPAHs. Arsenic concentrations exceeded the 
proposed riskbased cleanup level of 20 mg/kg at only one sanpling location 
(114 mg/kg in test pit 2), while total CPAHs ~alled the proposed risk­
based cleanup concentration of 26 mg/kg in an adjacent sanpling location 
(test pit 3 canp:si te). 
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Drum Staging Area 

Drums that were originally scattered throughout the site were collected, 
sta-Jed, and scrnpled in 1984 in the drum stagi~ area. Prior to remediation, 
one soil sanple at this location contained 229 ppn PCBs. In October 
1984, FCB~ontaminated soils were raroved and disposed of by MSES Consultants, 
Inc. under contract to Morgantown Industrial Park Associates. The RI/FS 
verified that all samples of the native soil and the slag backfill mate-
rial were belcw the cleanup level of 5 mg/kg. 

000 Industrial Area 

'!he area surrounding the abandoned 000 process and utility buildings 
were designated by EPA Region III as an area. of concern based on reports 
of chemical spills of both organic and inorganic materials in that area. 
Mercury was detected at one sanpling location at 455 ng/kg (exceeding the 
risk-based cleanup level of 175 mg/kg). CPAHs were detected at 30 mgjkg 
at one location, slightly aboved the risk~ased cleanup level of 26 ngjkg. 
Nearly 50 hand augered borings failed to reveal vapors containing volatile 
organic constituents. Sampling in this area was limited to the surface 
(maximum depth of 2 feet). Additional data to evaluate migration pathways 
and potential source locations are required to complete the assessment of 
this area. 

Surface Water/Sediments 

"Analytical data fran surface-water sanpling indicate that the concen­
trations of constd tuents of concern are be lew the EA risk~ased cleanup 
levels. As a result, this medium is not currently considered to be a 
primary migration pathway for site contaminants. 

CPAHs were detected at levels above the risk-based cleanup criteria 
(26 mg/kg) at four sediment sanpling locations (strea:n 1: sanple point 3, 
280 mg/kg: sanple point 2, 37 mg/kg: strean 2: sanple point 6, 111 ng/kg: 
and strean 3: sample point 8, 318 ~tQ/kg). 

Arsenic was detected at levels above the risk-based cleanup criteria 
(20 mg/kg) at three sediment sampling locations (strean 1: sanple point 3, 
253 mg/kg: sanple point 9, 21.2 mg/kg: and strean 3: scrnple point a, 20.6 
mg/kg). 

Strean 1 is located downgradi ent fran the fonner lagoon area and the 
scraped area. A seep fran the scraped area f~eds the strean at scrnple 
point 9. Strean 2 is located downgradient of the scraped area. 'lhe scurce 
of strean 2 is surface drainage fran the scraped area, along with ground 
water springs whose soorce is probably a localized perched grcund water 
zone. The maximum depth of streams 1 and 2 is three inches and the maximum 
width is two feet and one foot, respectively. Strean 3 is located down­
gr:adient of the landfill. The source of strean 3 is a large seep fran the 
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northeast corner of the landfill and its flow is supplanented with ground 
water springs at various downstream locations. This stream ranges from 
four to six feet wide and has a maxitm.m depth of four inches. All three 
streams flow into the Monongahela River. 

Ground Water 

Ground water occurs in the sandstone bedrock under confined conditions. 
The flow direction is easterly toward the Monorgahela River. N:> direct 
ground water users have been identified between the areas of concern and 
the MonofrJahela River. 

Iron and manganese were detected in ground water at levels above 
drinking water standards. The EA indicated that the concentrations of 
iron and manganese do not impact the drinking water source (the Monongahela 
River), hence there is no indication that ground water is a migration 
pathway of concern for site contaninants. 

Oontaminant-Specific ApPlicable or Relevant and Appropriate Requirements (ARARs) 

Tables 2, 3, and 4 summarize the Federal and State contaminant-specific 
ARARs relevant to the investigation of the Ordnance W::>rks Disposal site. 
The specific standards and criteria reviewed include Resource Conservation 
and Recovery Act Requirements, Federal ~inking Water Standards, Federal 
Ambient \vater Quality Criteria, National Air Quality Standards, and the 
West Virginia Water Q.Jality Standards that have been established by the 
Water Resources Board. The West Virginia Air Pollution Control Cotrmission 
has a:iq?ted regulations conforming to the National Ambient Air Q.Jality 
Standards for all contaminants except lead. 

IDENTIFICATION OF EXPCSURE PA1HWAY'S 

Based on a. review of data from the RI, several potential exposure 
pathways were identified and evaluated. Separate exposure pathways are 
considered for both a current use scenario and a future use scenario. 
The current use scenario focuses on the potential impact of leachate 
seeps, ground water recharge, and soil erosion on the Morgantown drinking 
water supply, consumers of fish fran the MonofrJahela River, and aquatic 
species in the river. The future use scenario asst.mes that a tuilding 
will be constructed on-site and focuses on the risks to workers who may 
be exposed to contamdnated soils through direct contact or ·from the 
generation of dust during construction activities. Exposure pathways for 
the current use and future use scenarios are sunmarized in Table 5. 



9 

TABLE 2 

......................................... ········· ............................. ·································· 
: .lllf •Ill -111 Clllllll 1111\1 : ... (II •NI -Iff CIUDII •tllll ................ . 

uti• HIIICII •• ._ ll.llltt : utl.lllfUJI •• nr-1 _,IC ll'lttt 
_,IIICifl P.IIUI. tlllti-IICin *llCH.! tfl •nil .nl : LMII ...... tp ftUCIIf 1.,..11.. 1 ... 11.. : , ..... ,... , ... ,.. •m CIIIDII : r•rc cmtt~~fl• , .. ,u 
:~w~ -~-!M~~ ~~- : : Cl : 0r,... 1111 : ...... llh : llcllt Qr•u : llcllt Qr•c : 

.. •• .... : ..... ········ .............. i ....... •• .... ;· .......... ··1· .... ········:···· ....... • •I•••········ .............••• ; ············.; ···:····· 

····: 
: l.t ,,, : : : : : : : : : 

. ...... :. ·~:::::::: :: j :~~~~: ~:~::~: l ::~~~~: :::> :~:~~~:::::::~ ::~~::::::~~:~ :::::::::::::~ :~::::::::~:~1 ~~~:::::::::l :::::::::::::\ 
: : : : : : t : : 

-:. . .... ···: ·············:·············:·············~·············1···········-1····,.········: ·············1·············1 
o I t I I t I O I O 
I J I I I I I I I 1 . : ................. ~ ........... ····!····· .... " ....... ! .............. -: ............... ···: •••••••••.••• , ········-···1···········-: .............. : 

ll.t ttt : &,t.le : : : : I U.l : : ~ -: .. ~ ........ ~:·····-·······:·············1············-:·············:·············=···--······l·············t-·-··········: 
•• . ...S ••• : •. .a..-J •• , : : •. ~... : : : : S.l : : : ....................... : ........ ····: ............. -: ·············=·············1·············:············-:·············=·············1·············: 

• • t - ' • • • ' • 
o I t I I I I I I I .......... : ............. : .............. :.·············:. ·············:. ·············1············· !, ····-·······I···········-:·············: 

: t : : : ............. : ............. : .............. ·=············ -: ·············•·············1···-····-··1·············: ............. : ............... : 

~ ........ , .... .. 
u ... ~lto~II•M ··-.1.1 r,.ca•••••- o.: •• , 

·······: ., 

............ ; ··- : ! ·: : : : I : : : 
· · · · ·• · · · ·: · · • · · · •· · ·· ·: ........ · ••••· •I•· ·••• ··•••••1•••••••••·•••1··· • ·••••••••1•••••••••··-t ·-·••••••••1•·•-••••••••1•••••••••••••! 

:.o 1•• : ••.! : •2• : : : : 1 sr.s : 1 : 
....•...... :. . . . ...... -: ••... ··~ .• ··! .. ···········: ·············•··-··········•·············=·······-·-•·············:------···------·-· 
_._,_, ••• : : l.t : 1.!1 : : I : 1 D : : : 

····I······· .•.•.• :·············:············· l •••••••••••••I ·-··••••··-l•••••••••••••l···-·••••••l•••••••-••••l•••••-1-•-•••·-1 
: Y.l .. l•t : : : : : I I : I t : ··: ... ·········: .. ···········: .. ···········:·············1·············1·············1·············1·····-······1···-········•·-·--•···----: 

"·•- '•• : : : : : : : : I : . ···: .. : ............ -:·············1·············1·············1·············1·---1··-·--·1-·---1 -r 
·••I ., ..... ........................... : 

: ' I ~ \ S 1 I 
•Ill Clltal•l -10 : I : I I : I 

....... ······: I I I I I I 
.... : ; : I. 5 : "' : I I I 11.2 I 2,1t I ................... ···: .............. ; ·············1·············1·············1······-·····l·-··········•·--·--···•··-·--····•·-·---·--·-·-----
Htell•--- : • . .Z ttl : : t. t : z.• I : I I I I I I I I 

~ ...................... ···: ........... ····: ............. : ·············1·••••••••••••:············•1·····-····-1·······-····1··-·-····-1-···----1·-------1 I 
_,...... : ; : I I I I I I : 
........... ·······-···:·············: ············:·············t·····-···••••1•••••••••··-1·····-··--1···-······-1·--••••••-t--•-:•••--1 ••I 

.......... : : : : I I I I I J,S I -..a I : ..................... ; ······-···· .. : ................ : ·············: .. ···········1···········-·-----···-1·······-·-·t·········-· ... --·-·--·-1·-·-······: 
Nf • • • · ' I ' I ' I I ' 

t
·~ ~- ....... ; ............ ; ............. ; ............. ;. ······ ...... j ·············1·-··-······i·············l···········-i···--·--1·······-··-1·············: 

- ~ .,_,_,,,.. ~ : : Ill : Z,,_ I I : I I Sl : : : .......... : ............. ·: ............... ; .... ··········: ·············: ........ ·······1····-·····-t·········-··1·------··---·--··············1·····-······: 
tatl- : : : : : 2 ..... IU 11.111 .. IU I I I I : : . . ····· . : ············: ............ ; ..... ········:·············:·············1···········-1·············1···········-1·····-······1·-··········1 .. ···········: 

,. ... ,,_ : : t.t2t lit : I I I 1.7 : I : ........... : ............. : ............... : ......... ······: ............... , ... ··········1·········-··1·····-··---: ·····-······• ············-1 
..... 

..... 
t,t .. e:,J .. tatltll 

•:tlt• .. IIWIC ... 

.. ~ u.,, ... ,u~t~tw••• 
•:•••·"···--...... ,._ ....... 

: 

I· 

: : : : : I : : : ............ : · ... · · · ·: · · · · · · · · · ·· ··: ·········· · ·•1••••••••·••••1········· ····: ·············1···-••••••··: ·············I·············: 
: 2 ..... Ill :1.111 ... lfl : : : l : 

·, .......... :···· ········:············· ~-············:·············:·············1···········-1·············1········-····: : z ..... ltl :S.III...S Ill : : : : 
: ........ ······: .. ···········:·············: ·············1·············: ·············I·············! 
: 2 ..... ttl :J.III·· Ill : : : : 
!·············:·············1·············: ·············:·············!·············1··········~--: . ·: .. ··,s. 

--:· . ~ .. :... . • . . •• . ..... : .................... : ................. _ ... : ...................... : .................... ·l··· .............. ~ ..................... ; ............... ··1 .... , •.• : : •. .. : : 1.. : : ~ 
:· : .. ········ i·:~--~·~;;·ii:t~····;·;·············;·············;·············;·············=·········---: 

······:······ .. · · ! · ... ·······1·············:········ ····t·············!·••··-······:·············S·············: 
1 : : : : 1.1 : t.n : : 

. . . . .. . . : .....•••••••• : ··•· • .• . • •: •••••. • •• • ·••:. ·••••• •••• ••I••· ••..•••••• : ······•••••••: ••••••••••••·: ....... •••••••I······· •••••·: 
: : , ....... :1.111 ...... : : : : : : 

······:· ... ········I····· ·········I ············:·············&·············:·············:··········•••!··········•••1·············: 
It I tt : : : : : 11.1 : •-tl : ; 

······I···· ••· ·····1·····-·· · ····: ··········•••l·••··········: ·····-······1···········-t ••••••·······t·············l·-···········1 
I l .•• Ill :1.11111 Ut I : I : : : ...... : .... !········ ····: . ··1·············1·······-····=·············l·············l·············t········--··-: : z.•·• lit IJ.IIC·tl 1ft I I : : : : 

······=· ·····:······ .. ···:··············t··· ··········=·············=·············1·············;············-: : ! .... Ul :1.111 tl Ill ..; •••.•.••••... : .• . .•.• ; .•••...•. ; 



II.L 
···-

10 
TABLE 2 
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TABLE 3 

!!ydroc:arccn. C nom.thane > 

r..ce 

Nitroqen Dioxide 

Particulate Matter 

Sulfur Dioxide 

Chemical 

Particle Matter 

40,000 <1 hour>• 
10,000 (8 hOUr>• 

160 (3 hOUr>••a 

1.s <9o·aay> 

100 u year> c 

260 (24 nourl• 
75 (24 bour)d 

365 (24 hour>• 
10 U yearlc 

Code of Federal Regulations 40 
Part 50.7 
(ug/cu m) 

a 
150 (24 hour)d 

60 (24 hour) 

•Annual maxlJ!UI conc:etratl.on not to be uc:Hde~S l'IIOfe than once a yeu. 
t:IM a 91.ude 1.n dev1.s1nc; ~l.-ntatlon plan. ~or ac:tuevl.nCJ 011dant 
seandarcU. 

cAnnu.l ar1tt1111et1c .an concentration. 
dAnnual geometr1c mean ccncentrat1on. 
~t adoptld by the We~ V1r91n1a Au Pellut1on Control CCIIIU.a1on. 
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'l'Aitl 4 

WEST VIRGINIA WATER REGULATIONS APPLICABLE TO ORDNANCE WORKS SITE AREA 

CONSTITUPT 

:·---------------------------:-----------·:-------------------------------------------: : Ar"tlftl c o.oso 
:----------------------------·------------:·------------------------------------------: 
:---------------------------- ------------:-------------------------------------------: 0.001 

0.002 
o.oos 
0.010 

:o-lS •tiL Haronttt 11 Calcsu• Caraon1tt 
:le•75 19/L Ha,onttt •• Calcsu• Ca,Donttt 
:7•·150 tt/L HtrOnttt 11 Ctlc&ul Ctrbonltt 
:>151 lfiL Ht,dfttll II Ctlciut CtrbOftltl. 

:·-··------------------------:------------·-------------------·-----------------------· :Coour (Totlll o.oos 
0.010 
1). ou 
0.020 
0.025 
o.oso 
o.o.o 
0.075 
0.015 
o.us 
o.us 

0•50 lf/L HtrOfttll 1'1 Ctlciut CtrbOftiU 
51•10 lf/L Htrdnttl II CtlClUI CtrDonltl 
11·120 tt/L Hardnett 11 Calciu• Carbonate 
121·1•0 •tiL HerOfttlt 11 Calcsue Caraon1tt 
1•1·200 ttiL Htrdfttlt 11 Ctlciul C•,~onttt 
201·2•0 lf/L Htrdntll 11 Ctlciut Car~onatt 
2•1·210 .. IL Htrdfttll 11 C•lciut Carbonate 
211•300 •tiL Htrdnttt 11 Calc1u1 Caraonttt 
~01•320 •tiL Htrdntlt 11 Calc1u1 Carbonate 
321•340 tt/L Herdnttt 11 Calcaut Ctrbonttt 
>341 ltiL Htrd~lll It Ctlciul Carbonett 

:-------------------·--------:-----------· ----·-············-------------------------:Cy1nsdt 0.005 
! (It fr"tt CVIftidt HCN•CN•t 

:--------------------------··1··---------- -------------------·-----------------------~ !Htllwlltnt Chrotsu• !Total> o.os 
:----------------------------:------------ ----------------------------------------4--. :Iron 1 Total) '· s "'' •• ttdifitd to l.S •tiL uJon 

State and I'A ••troval. 

:-------------------·--------:-----------· -------------------------------------------: 1.110 0.025 
o.oso 

0-100 ttiL Hardnett 11 Calcau• Caraon1t1 
>101 lf/L Hardnttl 11 Calc1ut C•rDonltt 

:-----------------------~----·------------,-------------------------------------------

:----·-·········-------------:Nictre·l 

:--------------------------·· 

0.0002 
o.ooos 

------------o.oso 
·----------· 0.000001 

0.002 

:In •ettr 
:tody llurden 

-------------··----------------------------: 
·------------------------------------------: lft •• ,., 
't•~ •ody •ur•tft 

:----------------------------·-------·---- -------------------------------------------: o.oos 
:-------------------·---·····1·----------· ------------------------·------------------: O.OlO 

:--------------·------------·1·----------- ---·-···--··----~--------------------------: :Sthtr 

:----------------------------

o.ooa 
0.004 
o.ou 
0.024 

------------

0•50 lf/L Her••••• It C1lciut Clrtonatt 
S1•l00 lf/L Herdnttt 11 Celciut C•r•onltt 
10l•200 lfiL Ner•Rttl •• Celciu• Car•onata 
>201 •tiL Mer••••• 11 Celciut C1rt1111tt 

············-····--·----------------------·: :Zi~c 0.010 0•150 tf/L Mer•Rett 11 Celciul ClriOftltt 
0.100 151•300 tt/L Hardftlll II Calciut Ctrbonttt 
0.300 .301•400 ttiL Htrdftllt 11 Calciul Ctrbonttt 
o.•oo :>401 •tiL Herdnett 11 C1lciul C•rtonate 

:-----------------·---------- ------------:-------------------------------------------~ "'"Oftflhtll ~tvtr ••ttr htrdnttl it ••••cttd t• bt tn tftt rantt of 75•125 tt/L 11 
c•lcaw• caraon1tt tlttd on data rtCtlvtd fro• the "''t•nto.- Wtttr Cotlition. 
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Table 5 

POI'ENTIAL EXPCSURE PATIMAYS-QRDNANCE ~RKS DISPOSAL SITE 

R:>tential Exposure R:>tential 
Exposure Contaninant Transport Fbint/Exposed Exposure 

Medium Source Mechanism Fbpulation Ra.lte 

CUrrent Use Scenario 

Surface Water Leachate seeps, Surface-water Drinking water Ingestion of 

Soil 

Air 

surface soils, 
groond water 

Contani nated 
soils 

Contaminated 
soils 

RISK 'ro AFFECI'ED RECEPI'ORS 

runoff, erosion, 
groond water 
recharge 

Future Use Scenario 

Direct contact 
during construc­
tion 

tllst generation 
during construc­
tion 

fran the ~non-
gahela River, 
consumers of 
fish, aquatic 
life 

On-site 
construction 
wori<.ers 

On-site 
construction 
tr.Orkers 

river water, 
ingestion of 
fish, ~yerse 
effects on 
~atic life 

Ingestion of 
soi 1, dennal 
contact 

Inhalation of 
dust 

The EA addressed the contaminants identified at the site. Seven 
inorganics (arsenic, ca:irnium, chranium, copper, lead, mercury, and zinc), 
CPAHs, and PCBS were chosen as indicator chemicals based principally on 
their on-site concentrations and toxicity relative to potential exposure 
pathways. The risk to affected receptors can be S\..11'1marized as follaws: 

1. The excess lifetime cancer risks assuming ingestion of drinking 
water at the Morgantown intake and consumQtion of fish from the 
M::>nongahela River are on the order of 10-o and lo-8 for arsenic 
and CPAHs, respectively, under avercge case exposure asslii'!Ptions. 
Under maximum plausible case assumptions, the corresponding 
excess lifetime cancer risks are lo-4 for arsenic, lo-3 for 
CPAHs, and 10-s for R:Bs. 

2. Under the future use worker exposure scenarios the excess life­
time cancer risk due to arsenic is on the order of lo-S for 
the scraped area and landfill, and lo-7 for the lcgoon area, 
assuming maximum plausible exposure conditions. Corresponding 
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risks due to CPAHs are lo-S for the landfill, IQ-4 for the 
lcgoons, and lQ-7 for the scraped area. Risks due to PCBs 
range from lo-7 to lo-9. Excess lifetime cancer risks 
under average exposure conditions range from 10-6 to 1o-8 
for arsenic and CPAHs in the scraped area, landfill, and lcgoon 
areas. 

3. CPAHs may pose an additional excess cancer risk under the future 
use scenario due to dermal exp:>sure. '!his risk cannot be 
quantified due to lack of toxicological data for this exposure. 

4. Estimated drinking water intakes of the noncarcinogenic site 
contaninants (cadmium, chranium, ccpper, leeK!, rnerOJ:r:y and 
zinc) are belOI!i toxicity reference doses under average and 
maximum plausible cases. 

5. Estimated intakes of noncarcinogenic indicator chEmicals under 
the future use \t!Orker exposure scenario are belOI!i toxicity 
reference doses. 

6. 'Ihe estimated concentrations of rnerOJcy in the Monongahela River 
at the mixing level exceed EPA's lmbient Water OJality Criterion 
(AWQC) for the protection of freshwater aquatic life under maximum 
plausible case assurrptions. '!his is attrib.tted to the high mercucy 
concentration detected in the DOD area. Estimated concentrations 
of all other indicator chenicals at the mixing level are belOI!i A'IK;l:.. 

· 7. Estimated concentrations of contaminants at the Morgantown 
drinking water intake runoff from the site do not exceed 
applicable Federal drinking water standards or criteria under 
average or or maximum plausible case exposure estimates. 
Under maximum plausible exposure conditions, estimates of 
mercury levels exceed the state water quality criterion for a 
potable water supply. The maximum case is based on a single 
soil sanple with a mercury concentration one to t\110 orders of 
magnitude above samples taken elsewhere at the site and, there­
fore, may not be representative of site conditions. Further, 
none of the indicator chanicals for which roonitoring data are 
available have been detected in the M:>rgantCMn drinking water 
intake. The exposure m:xiels generally predict levels of 
organics bel01 standard detection limits. 

RD!EDIAL ACTIOO ce.JEX:TIVFS 

Based on the RI and the EA, ranedi al action efforts at the Ordnance 
W:>rks Disposal site should address the following: 

1. Soils in the landfill that exceed either the arsenic ( 20 ng/kg) 
or the CPAH ( 26 mg/kg) EA risk-based cleanup levels: oontaninant 
concentrations for these parameters exceed the prcposed cleanup 
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levels at nearly every depth sanpled. Since the landfill 
materials are very heterogeneous, contCirti.nant levels above 
cleanup levels are likely to-occur anywhere in the landfill. 
As a result, the entire area is subject to evaluation for 
remediation. 

2. Soils in the former lagoon area that exceed the CPAH risk-based 
cleanup 1 eve! ( 26 rtrJ/kg) : these soils occur at depths of 4 to 
6 feet in an area of approximately 0. 7 acres. 

3. Soils in the scraped area that exceed either the arsenic (20 
ng/kg) or CPAH (26 mg/kg) risk-based clearrup levels: such 
soils occur fran the surface to a depth of 8 feet in an area of 
approximately 0.4 acres. 

4. Sediments in the surface-water area that exceed either the 
arsenic (20 ng/kg) or CPAH (26 ng/kg) risk--tJased cleanup levels. 
Unacceptable levels of these contani nants occurred at five 
sediment sampling locations and appear to occur in sediment 
collection areas dcwnstrean fran the waste management location. 

ALTERNATIVE EVAWATIOO 

Based on the above objectives and data from the RI, several general 
response actions and associated renedial technologies were identified. 
The·technologies were screened using technical, environmental, public 
health, institutional, and cost criteria. Institutional criteria were 
used to insure that each technology attains the ARARs of local, state, 
and federal statutes. 'Ihe technologies that were retained for use in 
developing remedial action alternatives are the following: 

No action with security upgrade and monitoring 

tow-permeability sail cap 

Mul t i1 ayer cap 

Regrading, revegetation, and water diversion 

Collection ditches and sedimentation basins 

Complete or partial removal of wastes 

Disp:>Sal in a secure on~ite landfill 

Disposal in a secure off~ite landfill 

Treatment using on~ite incineration 

Treatment using off-site incineration 
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Remedial action alternatives were formulated by combining techno­
logies retained during the technology screening process in accordance 
with guidelines established in the National Contingency Plan (NCP), 
Superfund Amendments and Reauthorization Act (SARA), and the previously 
develcped rE!'I\edial objectives. The Remedial Alternatives considered 
are as follcws: 

Alternative 1 - No Action with Site Security 

The purpose of presenting a no-action alternative is to provide a 
basis for comparing existing site conditions with those resulting from 
the implementation of the other proposed alternatives. Under the no­
action alternative, no additional measures will be used to remediate 
contamination sources or their potential migration pathways. The two 
major components of this alternative are: 

0 Installation of a 10-foot high chain-link fence around the 
scraped area, the former l~oon area, and the landfill. . 
o Implementation of a quarterly ground water monitoring program 
using six existing monitoring wells, and a semi-annual surface-water 
rroni tori ng progran at four locations between the waste man~ement 
areas and the Monongahela River. 

Technical Considerations 

Activities associated with this alternative are limited to construc­
tion, cperation, and maintenance of the chain-link fence. 

Public Health and Environmental Concerns 

o Surface and subsurface soils would continue to exceed clean-up 
levels for arsenic (20 mg/kg) and CPAHs (26 mg/kg) in the three 
waste managenent areas. Contaminant concentrations above these 
levels represent a cancer risk to human receptors. 

o ~1thout remediation, barriers would not exist to prevent site 
runoff from contributing additional contaminants to sediments. 
The risks presented by additional releases of CPAHS and arsenic 
into the local envirorment would ranain or increase. 

Institutional Requirements 

0 Does not meet remedial action objectives. 

0 

0 

0 

O::>es not meet RCRA guidelines for cover systems or containment 
requirements for contaminants. 

Future site use would be restricted to industrial activities. 

Present site conditions would require improved erosion, sedimentation, 
and runoff controls to protect future conditions. 
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Provisions for long-term site security inspections and rroni torir"XJ 
would be r~ired. 

Ccmnents 

The no-action alternative does not attain ARARs. 'Ihe estimated 
present-worth cost of this alternative is $787,000. 

Alternative 2 - In-Situ Closure 

Alternative 2 involves the in-situ closure of the landfill, the former 
lagoon area, and the scraped area. Areas of concern 'IA:>uld be capped, 
regraded, and vegetated. The major catpenents of this renedial alternative 
include the foll~ng activities: 

o Capping (using a low permeability cap systan) of locations in the 
la;toon area in which elevated concentrations of CPAHs (greater 
than 26 mg/kg) were detected in subsurface soil s~les. 

o Capping (usirxJ a low permeability cap systan) of locations in the 
scraped area in which elevated concentrations of CPAHs and arsenic 
were detected. 

o Dredging of contaninated sediments found in settling zones downgra­
dient of the waste manaJanent areas, and disposal of the dredged 
materials·in the landfill prior to placement of the cap systan. 

0 Consolidation of existing landfill waste and debris and applica­
tion of a multi-layer cap system which conforms to RCRA. 

o Grading and vegetation of cap systems covering the former lc:goon, 
scraped area, and landfill to promote positive drainage. 

o Extensive sUrface management for erosion and sediment control. 
Placement of geotextile silt fences, sedimentation basins, and/or 
diversion to control off-site soil transport and to divert 
surface-water flow. 

o Pmbient air ronitoring. 

o Post-remediation monitoring. 

Technical Considerations 

o Capping is a proven technology. 

0 Potential for leakage of contaminants will be abated with a RCRA 
multi-layer cap for the on-site landfill. 

o Cap installation in portions of the landfill may prove difficult 
due to limited accessibi 1i ty. 
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Public Health and Envirormental Concerns 

0 Public health and environmental risks from direct soil contact 
would be mitigated. Migration of contaninants by surface 
percolation would be eliminated. 

o D:edgirg is anticipated to have a significant CK3verse short-term 
impact on the local ecosystem. Restoration would include revege­
tation with endemdc varieties. 

o Surface capping would reduce migration of contaninants via surface­
water runoff and sediment transport. 

o Long-ter.m monitoring would be required. 

Institutional Requirements 

o Multi-layer and low permeability cap systems must comply with RCRA 
guidelines. 

0 

0 

Erosion, sediment, and dust control measures must be implemented 
during excavation and cap installation to comply with state 
ordinances. 

Safety protocols consistent with Occupational Safety & Health 
Adrrdnistration (OSHA) guidelines must be developed for excava­
tion and construction activities. 

0 Excavation and construction activities must comply with local 
regulations. 

0 

0 

Catments 

Land-use restrictions would be necessary to prohibit intrusive 
activities in capped areas. 

Provisions for long-term monitoring must be available. 

This alternative does not reduce toxicity or volume of contaninants 
rut will reduce trDbility. In-situ closure will meet all ARARs. 

The estimated present-worth cost of this alternative is $1,707,000. 

Alternative 3 - Partial Removal and Containment 

Under alternative 3, contaninated soils near the scraped area, 
existirg landfill, and former lcgoon area would be cr:idressed. The specific 
actions included in this alternative are as follows: 

0 Excavation and on-site staging of all landfill wastes and debris. 



19 

o The existing landfill would be reconstructed to conform to RCRA 
standards and would include a multi-layer cap and liner systans. 
The reconstructed landfill would be used for the disposal of . 
excavated waste materials and soils fran the landfill, soils 
fran the lcgoon area and the scraped area, and sediments fran 
the strean. 

0 Grading and vegetation of the cap system covering the newly 
constructed landfill to prarote positive drainage. 

0 Excavation of soil with elevated concentrations of CPAHs and 
arsenic located in the scraped area follCMed by placanent in the 
on-site containment area qarofill). Areas of concern correspond 
to test pit locations SCA-02 (arsenic concentrations >20 mg/kg) 
and SCA-03 (CPAH concentrations >26 mg/kg). 

0 Excavation of soi 1 with elevated levels of CPAHs located in the 
lcgoon area (CPAH concentrations >26 mg/kg) follc::Med by placement 
in the on-site containment area. 

o Backfilling, regrading, and revegetation of the lagoon and scraped 
areas impacted during excavation. 

o Dredging of sediments fa.md in the settling zones damgradient of 
the waste management areas and disposal of the dredged materials 
in the landfill prior to placement of. the capping system. 

0 Extensive surface management for erosion and sediment control. 
Placement ·of geotextile silt fences, sedimentation baSins, and/or 
diversion to control off-site soil transport and to divert surface 
water flcu. 

o Ambient air monitoring during remediation. 

0 Post-remediation monitoring. 

Technical Considerations 

0 

0 

Combination of two proven technologies (partial removal and 
containment) to achieve long-term remediation. 

Effectively reduces potential mobility of contaminants. 

0 Excavation of landfill wastes may be difficult to it11;>lanent. 

Public Health and Environmental Concerns 

o Mdresses all environmental issues and contaminant pathways 
identified in the RI. 
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o Reduces the areal extent of contamination, thereby minimizing 
areas of concern on-site. 

o Partial removal/containment in an on-site RCRA landfill is 
expected to reduce or elimdnate public health risks and environ­
mental impacts resulting fran contanination migration via surface 
water runoff and sediment transport. 

0 The added liner system will provide bottom control that is not 
inch.rled in Alternative 2. 'Ihe p::>SSibility of da.mward contaninant 
migration appears to be insignificant, however, because of the 
relative immobility of the contamdnants. 

o Excavation activities may present short term public health risks 
fran dust and/or airborne volatile organics. 'Ihese risks would 
be evaluated by air monitoring and addressed appropriately. 

0 Dredging is anticipated to have a significant adverse short-term 
impact on the local ecosystem. Restoration would include revege­
tation with endemic varieties. 

Institutional Requirements 

0 The landfill rulti-layer cap and liner system are designed to 
comply with RCRA guidelines. 

0 Erosion, sediment, and dust control measures must be implemented 
during excavation and construction activities to comply with 
state ordinances. 

0 

0 

Safety protocols consistent with OSHA guidelines must be developed 
for excavation and construction activities. 

Land use restrictions would be necessary to prohibit intrusive 
activities in capped area. Restrictions would be less stringent 
than under Alternatives 1 or 2 because of the decrease in areal 
extent of contamdnation. 

o Provisions must be made for long-term leachate collection and 
removal from the landfill. 

0 Provisions must be made for long-term monitoring after remediation. 

0 Excavation and construction activities ITIJSt comply with local 
regulations. 
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Camtents 

This alternative does not reduce the toxicity or volume of contami­
nants tut will reduce roobili ty. Partial raooval am contaiment will 
meet all ARARs. 

The estimated present-worth cost of this alternative is $3,517,000. 

Alternative 4 -On-Site Incineration with Containment 

The on-site incineration and contairment option would be used to 
treat, contaninated soils found in the scraped area and former le11oon 
area, and sediments raooved fran the identified streans. A nulti-layer 
cap that meets RCRA design staroards would be constructed on the inactive 
landfill to prevent potential migration of organic and inorganic contani­
nants from that area. The canponents of Alternative 4 are the following: 

o Excavation and incineration of soils foond in the fo:rmer lagoon 
and scraped areas and sediments raooved fran irrpacted stream 
locations (CPAH concentration >26 mgjkg, arsenic concentration 
>20 mg/kg). Ash generated by this process will be placed in the 
landfill prior to installation of the RCRA cap (assumdng the ash 
is not EP toxic). 

o Placement of clean fill in the excavated area, followed by grading 
and revegetation of the area to provide controlled drainage patterns. 

o Consolidation of the existing landfill waste (i.e., the exposed 
northern face of the landfill) and application of a multi-layer 
cap system that meets RCRA design standards. 

0 Implementation of surface management techniques for drainage and 
sediment control in the landfill area. These measures will 
include silt fences, sedimentation basins, and surface-water flow 
controls. 

o Ambient air monitoring. 

0 POst-treatment monitoring. 

Technical Consideration 

o On-site treabnent using a mobile incineration unit is well-suited 
in this instance. The materials to be incinerated are fairly 
harcgenea.1s: presorting efforts would therefore be mimimal. The 
system would probably require a mobile incinerator to operate 5 
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to 7 months to complete this project (mobile unit capacity 
is 100 cubic yards/day). A trial turn to illustrate contaninant 
destruction and air quality would be necessacy. Air p:>llution control 
and ash handling equipnent would be required. 

o Landfill capping is a proven technology. Cap installation in portions 
of the landfill will be difficult because of the landfill's topography 
and limdted accessibility. 

Public Health and Environmental Concerns 

0 Public and environmental risks from direct soil contact would be 
mdtigated. 

o Surface capping would reduce mdgration of contaminants via surface 
runoff and sediment transport. 

0 This alternative addresses all of the environmental issues and 
migration pathways presented in the RI. 

0 Incineration of contaminants would elimdnate the potential public 
health risks resulting from contaminant migration via surface 
runoff. Excavation and treatment activities may present short­
term public health risks from dust and/or airborne volatile 
organics. These risks would be evaluated by air rrcnitoring and 
addressed appropriately. 

0 Organic contaminants '«>Uld be pemanently destroyed in waste/soils 
that are suitable for treatment. The environmental concern that 
ranains pertains to the unkncwn fate of inorganics in the ash. 

0 Dredging is anticipated to have a significant adverse short term 
impact on the local ecosystem. Restoration would include revege­
tation with endemdc varieties. 

Institutional Requirements 

0 This alternative contemplates use of a destruction technique 
applied to contaminants that may be easily fed into an incinerator. 
Destruction techniques are viewed~vecy favorably as site remedia~ion 
alternatives under SARA. 

o Under SARA, per:mi ts may not be required for on-site incineration 
or discharge of scrubber water. Regulatocy agency approval 
would be required for the construction and q;>eration of the 
incineration unit to ensure compliance with applicable state and 
Federal regulations governing hazardous waste treatment facilities. 
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o A trial burn will be necessaey to determine the perfonnance of 
the air emission controls and the efficiency with which organic 
Ca'ltaninants are destroyed. Scrubbers and/or baghooses may be 
required to control particulate and residual chemical constituents. 
Scrubber water must meet all Federal and state regulations prior 
to discharge. 

o Ash generated fran the incineration process will be stored in water­
tight bins approximately 20 cubic yards in size. A s~le fran 

0 

0 

0 

each bin will be collected and analyzed for EP toxicity. .Ash 
that is determined to be EP non-toxic will be placed in the 
on-site landfill prior to capping. If the ash tests positive 
for EP toxicity, it will be placed in an appropriate RCRA-approved 
facility. Based on the present level of contani nants in the 
soil, it is anticipated that most, if not all of the ash, will 
not be EP toxic. 

Erosion, sediment, and dust control measures must be implemented 
during excavation, construction, and treatment to comply with 
local regulations. 

Excavation and construction activities must comply with local 
regulations. 

Land use restrictions that prohibit intrusive activities in capped 
areas would apply to future site use. 

0 Provisions for a long-term monitoring program after remediation 
must be provided. 

Camtents 

This alternative reduces the mobility, toxicity, and volume of the 
contaminants. On-site incineration with containment meets or exceeds all 
ARARs. 

The present-worth cost of this alternative is $6,718,000. 

Alternative 5 -On-Site Incineration and Disposal 

The on-site incineration and disposal q>tion would pennanently 
reduce the toxicity of specified organic contaninants. Treatment would 
be perfotmed on contaninated soils taken fran the scraped area, landfill, 
and lagoon area, and on contaminanted sediments reroved fran the identified 
strecrns. 'Ihe c::atpOnents of Alternative 5 are the follc:JIIiing: 

0 Excavation of areas of concern in the fonner lcgoon area and the 
scraped area (CPAH concentrations >26 mg,lkg: arsenic concentrations 
>20 ng/kg} and incineration of soils for organics destruction. 
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tion A: Disposal of incinerator ash in a reconstructed, on­
Slte andfill. 'lhe reconstr:u:ted landfill would meet RCRA 
requirements, including multilayer cap and liner systems. option 
B: Assum:iDJ ash is nonhazardous, backfill in excavated areas. 

o Excavation of in-place waste material fran the landfill and 
collection of extraneoos landfill debris. Separation of inciner­
able waste fran unincinerable debris. Construction of an on-site 
RCRA landfill with multi-layer cap and liner system. Incineration 
of apprc:priate wastes for organics destruction. ~tion A: Dis­
posal of presorted and treated material in on-site RCRA landfill. 
§rtion B: Backfill non-hazardcus ash in excavated areas and dispose 
o unincinerable debris in on-site RCRA landfill. 

o Grading and revegetation of all three waste management areas to 
promote positive drainage. 

o Dredging and incineration of contaninated sediments fc:und in the 
settling zones d~r.:rlient of the waste managanent areas. 
o;>tion A: Disposal in on-site RCRA landfill. Option B: Backfill· 
Wl th other treated soi 1. 

o Extensive surface management designed to address erosion and 
se:Hrnent control. Placanent of geotextile silt fences, sedimen­
tation basins, and/or diversion to control off-site soil transport 
and to divert surface water flow. 

0 Ambient air monitoring. 

0 Fest-treatment monitoring. 

Technical Considerations 

o On-site incineration is a pranising technology that has proven 
successful in the past. tbt all waste at the Morgantown site is 
suitable for incineration: extensive presorting and a trial burn 
of all potentially incinerable materials are necessaey. Pollution 
control and disposal of ash product is required. 

o Excavation/dredging for conventional applications is feasible and 
common practice at site remediations. 

Public Health and Erwirormental Concerns 

o !his alternative addresses all of the environmental issues and 
migration pathways identified in the RI. 
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o Reduces the areal extent of contamination, thereby minimizing 
areas of concern onsite. 

o Treatment and on-site dis~al is expected to significantly rEduce 
or eliminate the potential public health risks and environmental 
impacts resulting fran contaninant migration via surface water 
runoff and migration of contaminated sediments. 

o Excavation and treatment activities may present short-te~ public 
health risks fran dust and/or airborne volatile organics. 'nlese 
risks would be evaluated b¥ air monitoring and addressed appro­
priately. 

o Organic contaninants are pennanently destroyed in waste/soils 
that are sui table for treatment. 'lhe environmental concern that 
remains pertains to the unknc::wn fate of the inorganics in the ash. 

o Dredging is anticipated to have a significant adverse short-term 
impact on the local ecosysten. Restoration would include revege­
tation with endemdc varieties. 

Institutional Requirements 

0 Under SARA, permdts may not be required for on-site incineration or 
discharge of scrubber waters. Regulatory agency approval 
would be required for the construction and operation of the 
incineration unit to ensure cc:mPliance with all applicable state 
and Fedet:al regulations governing hazardoos waste treatment 
facilities. 

o A trial rum wi 11 be necessary to deternrl ne the performance of 
the air emission controls and the efficiency with which organic 
contani nants are destrC!fed. Scrubbers and/or baghooses may be 
required to control particulate and residual chemdcal constituents. 
Scrubber water must meet all Federal and state regulations prior 
to discharge. 

o Ash generated fran the incineration process must be regularly tested 
to determine the mbility of EP toxic metals. Classification of the 
ash as hazardals or nonhazardoos will determine if the ash sha.lld be 
placed in the reconstructed RCRA landfill or backfilled in the 
excavated areas. 

0 Erosion, sediment, and dust control rreasures must be implenented 
during excavation, construction, and treatment to canply with 
local regulations. 
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0 Excavation and construction activities must comply with local 
r8JUlations. 

0 Funding must be available for a long-tenn nonitoring progran. 

Carments 

This alternative reduces the nobility, toxicity, and volt.me of the 
contaminants. On-site incineration and disposal exceeds all ARARs. 

The present worth cost of this alternative is $16,891,000 for Option 
A and $16,212,000 for Option B. 

Alternative 6 - Removal/Off-Site Option 

This alternative consists of excavation and removal of all sources 
of significant contamination and disposal or treatment of the removed 
materials at an EPA-approved off-site faCility. 'Ihe treatment alternative 
would involve incineration while the disposal option would be a RCRA­
approved landfill. This removal/off-site option would apply to contami­
nated soils and wastes in the lagoon, landfill, and scraped areas, and 
sediments in specified locations. The major components of this remedial 
alternative include: 

o Complete excavation of the landfill, former lagoon area, and the 
scraped area. 

. 
0 Dredging of contaminated sediments foond frf-the ·settling zones 

downgradient of the waste management areas for subsequent off­
site treatment/disposal. 

o Ambient air monitoring. 

o Backfill, regrading, and revegetation of excavated areas. The 
landfill will not require extensive backfilling since it was 
originally a natural ravine into which wastes were subsequently 
disposed. 

0 Off-site disposal/treatment options include the following: 

1) Contaminated .soils and materials that could be incinerated 
would be transported to a camerCial incinerator facility for 
treatment. 

2) The ranaining materials tNOuld be disposed of in a RCRA­
approved secure landfill. Sane materials deemed for disposal may 
require stabilization prior to transportation to the disposal 
facility. 
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0 Pbst-remediation monitoring. 

Technical Considerations 

o Excavation prior to off-site disposal/treatment is feasible for 
conventional applications and uses common practices. 

o Technical considerations for the two off-site options: 

1) Off-site incineration is a pranisir¥J technology that has proven 
successful in the past. Carmercial facilities are available to 
implement this alternative. Representative samples of waste 
must be accepted prior to material treatment: space nust be 
scheduled in advance. ~t facilities irtp)Se a surcharge for 
soils for ash disposal costs. 

2) Off-site disposal in a RCRA-approved landfill is feasible and 
is based on well developed techniques and standard er¥Jineering 
practices. RCRA requirements provide for a seoJre area to dispose 
of the hazardous materials. Timirg is irrp:>rtant since capacity 
is limited and space must be scheduled. 

Public Health and Environmental Concerns 

0 Addresses all envirormental issues and contaninant pathways 
identified. in the RI. 

0 This alternative calls for removal of the contanination. This 

0 

can be expected to significantly reduce or eliminate the potential 
public health risks and envi ronnental impacts resulting fran 
contandnant migration via surface-water runoff and sediments. 

Dredging activities are expected to have significant short-tenn 
a:iverse irrpacts on the local ecosystem. Restoration would include 
revegetation with endemic varieties. 

o Excavation and treatment activities ~ present short-term public 
health risks fran dust and/or airborne volatile organics. Those 
risks would be evaluated py air monitoring and a:idressed appro­
priately. 

0 Additional public health and environmental issues specific to 
the t~ treatment options: 

0 

1) Off-site incineration 

Eliminates aey long-tenn impacts to local public health and the 
envirorment because hazardous materials are removed fran the site 
and are permanently destroyed. 
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o :Ebtential short-term inpacts are associated with transportation 
of contaminated materials. 

2) Off-site disposal in a RCRA landfill 

o Contcrninated materials 'NOUld be ran:>ved and placed in a rrcre secure 
location, therefore eliminatir¥J any inpacts on local public health 
and the envi rorment. 

0 Possibility of long-term impacts to the local area off-site if 
landfill failure occurred because contcminated materials would 
not be treated. 

Institutional Requirements 

0 Minimum public opposition is anticipated. 

0 State erosion, sediment, and dust control ordi~.ances require 
compliance during excavation activities. 

o Approved licensed haulers for transport to the off-site 
facility must be obtained in compliance with u.s. Department 
of Transportation guidelines. 

o I.ong-tenn funding nust.._be made available for the post-remediation 
monitoring program. · · 

o Additional institutional considerations specific to the off-site 
options: 

1) Off-site incineration 

0 

0 

Repacking of bulk materials will likely be required prior to 
shi~nt. 

Incinerator time is limited and nust be scheduled. Term of 
project contingent upon acceptance of wastes at the facility. 

2) Off-site disposal in RCRA landfill 

0 

0 

0 

landfill capacity is limited. Success of this alternative is 
contingent upon acceptance of the excavated wastes. 

The disposal of material in a permitted landfill is governed 
by State and Federal regulations. 

R:>tential liability remains in the the event of landfill 
failure. 
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Camtents 

This alternative provides for treacnent/disposal at an off-site 
facility and meets all applicable or relevant and appropriate requirements. 

The present-worth cost of this alternative is $30,353,000. 

Action Specific ARARs 

Table 6 presents a summary of the action specific Federal and State 
ARARs and the affected alternative(s). 

Recommended Alternative 

Section 121 of CERCLA establishes cleanup standards for site 
remediation and articulates a preference for remedial actions in which 
treatment permanently and significantly reduces the volume, toxicity, or 
mobility of site contaminants. The provision notes that off-site transport 
and disposal of hazardoos substances wi thoot such treacnent is least 
favored where practicable treatment technologies are available. The 
statute mandates selection of a remedial action "that is protective of 
human health and the environment, that is cost effective, and that utilizes 
permanent solutions and alternative treatment technologies or resource 
recovery techniques to the maxiim.l'll extent practicable". 

EPA has reviewed and considered these statutory provisions and the 
regulations contained in the National Contirw:Jency Plan in light of the 
conditions present at the Morgantom Ordnance Works site and concludes 
that Alternative 4 is most consistent with these guidelines. This 
remediation alternative offers the best combination of effectiveness, 
implementability, and cost efficiency and involves use of a permanent 
solution (treatment of contaminated soils and sediments by incineration) 
in conjunction with a containment feature (capping the existing landfill). 
This remedy meets or exceeds all applicable or relevant and appropriate 
ra:,ruirements. 

Alternative 1, No Action with Site SeOJrity, was rejected because 
surface and subsurface soils would continue to exceed cleanup levels for 
arsenic and CPAHs in the three waste management areas. This alternative 
did not meet the remedial action objectives nor does it attain ARARs. 

Alternative 2, In-Situ Closure, and Alternative 3, Partial Removal 
and Containment, both meet all ARARs rut do not permanently or sigriificantly 
reduce the toxicity or volume of contaninants. 

Alternative 5, On-Site Incineration and Disposal, exceeds all ARARs 
and similar to Alternative 4, will permanently and significantly reduce 
the mobility, toxicity, and volume of contaninants. Although Alternative 
5 is slightly more protective of the environment, Alternative 4 will 
provide nearly the same protection to the environment for a significantly 
reduced cost, therefore Alternative 4 is a more cost-efficient solution. 
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Alternative 6, Ratoval/Off-Site ~tion, was not chosen because 
Section 121 of CERCIA notes that off-site disposal of hazardo.Js substances 
prior to treatment is the least favored alternative when practical 
treatment technologies are available. 

Alternative 4, On-Site Incineration with Contai rrnent is designed to 
treat contaminated soils found in the former lcgoon area and the scraped 
area, as well as sediments fcund in the settling zones of the three 
streams downgr<=K:Uent of the waste management area. A nrulti-layer cap 
that meets RCRA design standards will be constructed on the inactive 
landfill. The cap will be extended into the subsurface clay to prevent 
both surface water infiltration and seeps cut of the landfill area. 

Test pits and soil borings in the landfill area identified a clay 
layer at depths ranging fran 12 to 20 feet and a thickness of 2 to 5 
feet. Mdi tj onal test borings in the landfill area will be required 
during the ranedial design to confinn the depth and thickness of the clay 
and to conduct geotechnical testing for the design parameters._ 

. 
Since the source of contamination in the landfil~ will remain in­

place, the potential for release of contaminants into the environment 
must be addressed. Such a release might ocrur fran cap failure or fran 
the unforseen migration of contaminants through subsurface soils. If 
the RCRA cap is properly installed, it is unlikely that cap failure would 
occur and lec:w:3 to contaminant release. Section 7 of the FS noted that 
this technology is effective and has long-terin durability. In addition, 
the existing clay stratum beneath the landfill may be a sufficient bottom 
liner; grcundwater contanination was not detected during the RI and 
CPAHs are, b}' nature, iJTI'OC)bile. Geotechnical testing of the soil and 
post-closure monitoring will be used to evaluate the performance charac­
teristics of this clay layer. 

Alternative 4 also includes the removal and treatment of contaminated 
soils and sediments found in the designated areas. Treatment by thermal 
oxidation (incineration) should reduce the toxicity of organic contaminants 
contained in the removed materials by nrutralizing CPAHs to form carbon 
dioxide and water. · 

The trial burns will determine the efficiency with which the organi~ 
constituents are destroyed and the perfoonance of the air El'l'lmission . 
controls. Effluent streans fran the incinerator include gaseous emissionS 
and an ash product. Scrubbers and/or baghouses may be required to control 
particulate and residual chemical constituents which result fran inciner­
ation. If scrubbers are used, scrubber water nust be m:>nitored prior to 
discharge. Since the Monongahela River is the likely recipient of the 
scrubber water, the requi ranents of a NPDES penni. t nust be impl enented. 
Ash generated during the trial burn nust be tested for EP toxicity. 
Based on the level of inorganic constituents present in the soils and 
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sediments, it is anticipated that the ash will not be EP toxic and may 
therefore be disposed on-site in the landfill prior to capping. Ash 
that tests positive for EP toxicity will be transported to a RCRA-approved 
facility. 

This alternative includes a destruction technique applicable to 
soils and sediments that can be recrlily excavated and fed into an inci n­
erator. Destruction techniques are viewed favorably for site remediation 
under SARA since the toxicity and volume of the waste materials are 
reduced. 

The selected remedy offers the best combination of effectiveness, 
implementability, and cost efficiency in comparison to the other alternatives 
by combining a permanent solution (incineration of soils and sediments) 
with contairrnent (RCRA cap). In crldition, this remedy meets or exceeds 
all applicable ~r relevant and appropriate requirements. 

The landfill contains a large amount of extraneous debris that would 
require extensive presorting prior to incineration. The proposed RCRA 
cap will be extended into the subsurface clay and will mitigate the 
immediate public health and environmental risks from direct contact with 
contaminated soils. In order to verify the anticipated long tem relia­
bility and integrity of the cap, a groond water rtenitoring progran for the 
landfill will be developed during the ranedial design. This roonitoring 
program will be in general conformity with the RCRA Ground Water Monitoring 
Technical Enforcement Guidance Document, September, 1986. 

It is estimated that this alternative will take 2 to 3 years to 
complete with actual field activities occuring during a 6 to 12 month 
period. Remedial design activities shoold begin in the fall of 1988. 
On-site rtenitoring will be conducted over a 30 year period. 

Statement of Findings 

As part of the recommended remedial action for this site, excavation 
of soils in the laJoon area and sediments in the inpacted strean locations 
is proposed. Based on a wetland delineation conducted at the site on 
April !, 1986 by Ms. Ubby Rhodes and Mr. Nels Barrett of the Envirormental 
Assessnent Branch, there are significant wetlands associated with the lagoon 
and streams on this site. It is our belief that any remedial action taken 
in the laJOOn area will impact the intermittent strean wetlands. 

The total inpact to the wetlands are unknown at this time and will not 
be determined until durihg the ranedial design. IX1ring the design, the impact 
to the wetland area nust be evaluated and the design nust inclooe all practical 
measures that can be taken to protect all wetlarx\ areas and minimize danage to 
the environment. This analysis rrust also inclu:ie all necessary mitigative 
measures. 
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Future Activities 

Review of analytical data fran the 000 industrial area indicates the 
presence of hazardous substances in concentrations exceeding background 
levels. 'Ibis data was generated fran tests performed on surface soils 
and surface water only. Subsurface soil conditions in this area have 
not been investigated. 'lbe investigation will likely be difficult as a 
result of abandoned buildings and concrete foundations of demolished 
buildings which remain on-site. In addition, samples have not been 
collected from the potential contamdnation pathw~ identified in this 
area. 

Additional testing is recatmended to carplete the investigation of 
the 000 industrial area. The additional testiB,;J efforts should incll.de, 
but not be limited to: 

o Installation and sampling of ground water wells to evaluate 
potential contamination pathways and the local hydrogeology 
of this area. 

o Sanpling of the four identified surface water streans leavi~ 
this area to define potential contantination pathways • 

. 
o Surface and subsurface soil sampling to define cont~ination 

source areas. 



FINAL RESPONSIVENESS SUMMARY 
MORGANTOWN ORDNANCE WORKS SITE 

MORGANTOWN, WEST VIRGINIA 

From February 16, 1988 through March 16, 1988, the U.S. Environmental 
Protection Agency {EPA) held a public comment period on the Remedial 
Investigation/Feasibility Study (RI/FS) and Proposed Plan for the Morgantown 
Ordnance Works site in Morgantown, West Virginia. This document summarizes 
the comments, both written and verbal, on the RI/FS EPA received during the 
comment period by residents, local officials, and other interested parties; 
and presents EPA responses to those comments. 

This responsiveness summary is divided into cwo sections: 

• Section I: Site Background. This section provides a 
brief site history and discusses the EPA preferred 
alternative for remedial action. 

• Section II: Summary of Comments and EPA responses. 

I. SITE BACltGROURD 

A. Site History 

The Ordnance Works site is located approximately one mile southwest of 
Morgantown, West Virginia, on the west bank of the Monongahela River. The 
site is east of Interstate Highway 79 and south of U.S. Highway 19. 

In 1940, E.I. duPont DeNemours and Company (DuPont) built and operated an 
ammonia production facility for the U.S. Department of War {now the Department 
of Defense), the original owner of the Ordnance Works property. Between 1946 
and 1950, the U.S. Army Corps of Engineers awarded lease agreements to Sharon 
Steel CorporatiGn to operate a coke plant on the property, and to Heyden 
Chemical Corporation to rehabilitate and operate an ammonia production 
facility. During the 1950's, the Olin Matheson Company leased the property 
from the U.S. Army Corps of Engineers and operated the plant to produce 
ammonia, methyl alcohol, formaldehyde, hex~ine, and ethylene diamine. 

In 1962, the property was purchased from the U.S. government by the 
Morgantown Community Association with funds supplied by J.W. Ruby of Sterling 
Faucet, Incorporated. The Morgantown Community Association turned title to 
the property over to a new corporation called Morgantown Ordnance Works, 
Incorporated, headed by J.W. Ruby. Sterling Faucet, Incorporated subsequently 
operated a chrome-plating plant on the property between 1962 and 1976. In 
1964, Borg-Warner Chemicals, Incorporated purchased a 62·acre parcel from 
Morgantown Ordnance Works, Incorporated to operate an organic chemical plant 
on the property. 

The current owners, Morgantown Industrial Park Associates, Limited 
rartnership (MIPA) bought the site fr9m Princess Coals, Incorporated in 1982. 
At present, MIPA owns approximately 670 acres and leases buildings and land 
for industrial activities. Borg-Warner Chemicals continues to operate an 
organic chemical production facility on 62 acres of the site. The Monongahela 
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Railway Company and a number of private companies own the remaining 86 acres. 

In October 1980, the State of West Virginia requested that EPA undertake 
a Remedial Invescigation/Feasibilicy Study (RI/FS) of the site. The Ordnance 
Yorks site is currently classified by EPA as an enforcement lead site. 
Investigations of the site by EPA and the West Virginia Department of Natural 
Resources (YVDNR) have identified several areas of concern: 

• A currently inactive landfill where various 
solid and chemical wastes were disposed that 
could potentially threaten human health and che 
environment; 

• A "scraped" area adjacent to the landfill where 
solid wastes were buried, so called because the 
area is flat and lacks vegetation; 

• Two former lagoons (closed in 1981) used for 
disposal of chrome-plating process wastes; and 

• A former drum staging area where abandoned 
drums, including cwo containing polychlorinated 
byphenyls (PC!s) were collected during the 
initial site remedial ~ctivities. The drums 
were subsequently removed off site for disposal 
by a private contractor in compliance with EPA 
guidelines. 

As of March 1987, EPA had completed Phases I and II of the Remedial 
Investigation (RI) to determine the extent and sources of site contamination; 
identify contaminant migration pathways; and verify contaminant removal by 
previous remedial actions. The feasibility study (FS) on the upper portion of 
the site was completed during the spring of 1987. Some investigative work may 
continue on the lower portion of the site because during the RI, samples were 
taken at a depth of only cwo feet. EPA intends to conduct additional sampling 
at greater depths. 

The purpose of the RI was to determine the extent and sources of 
contamination, identify contaminant pathways, and verify c~ntaminant removal 
by a previous remedial action conducted in 1984. RI activities included 
taking surface and subsurface soil samples using boreholes, test pits and 
sediment sampling; and sampling possible migration routes, including surface 
water and ground water; installing monitoring wells at the site; analyzing 
ground water; and caking air samples. The RI also included a study to assess 
the possible affect on the environment and public health should a hazardous 
substance from the site be released into the environment. 

EPA developed the FS based on information obtained during the RI. The FS 
described and evaluated various ways of rendering the site harmless to public 
health and the environment. These alternatives, known as remedial 
alternatives, were evaluated against several criteria including: 
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• The technical feasibility o~ the alternative, including 
performance, reliability and safety; 

• How easily the alternative could be implemented; 

• How successfully the alternative would protect public 
health and the environment; and 

• How-much the alternative would cost. 

EPA studied a variety of technologies for controlling the contaminants at 
the Morgantown site to determine which technology could remediate the 
contamination most effectively. The technologies judged to be the best for 
the site were described in detail in the FS and summarized in the Proposed 
Plan. The Proposed Plan also described EPA's preferred alternative for the 
Morgantown site and the basis for choosing that alternative. 

After carefully considering each of the remedial alternatives presented 
in the FS, EPA's preferred alternative is Alternative 4, Qn-sitt Incineration 
with Containment. Under this alternative, an on-site mobile incinerator would 
destroy the organic compounds contained in the soil excavated from the scraped 
area, former lagoons, and dredged stream sediment. Special systems to handle 
the ash and exhaust from the incinerator would be used. The landfill would 
receive a multi-layer cap. 

II. SOIOIAR.Y OF .MAJOR CtiOO!'Bl'S ARD EPA USPORSES 

EPA held a public comment period on the -Morgantown site RI/FS and the 
Proposed Plan from February 16, 1988 through March 16, 1988 and conducted a 
public meeting at the Monongalia County Courthouse on March 3, 1988 at 7:30 
p.m. EPA staff began the meeting by presenting a brief history of the site 
and explained how the Superfund process works. In addition, the staff 
presented the alternatives in the FS, and the basis for selecting Alternative 
4 as the preferred alternative. 

Only two questions were received during the meeting and the public 
comment period. These comments are summarized below followed by EPA's 
responses. 

Question: When does the public comment period end? 

EPA Response: The comment period is scheduled to end on March 16, 1988. 

Question: One resident, a former Ordnance Works employee, commented he was 
unhappy about the "condition" of the facility and urged EPA to quickly address 
problems at the site. 

EPA Response: For the area studied, the preferred alternative is fully 
protective of human health and the environment, can be implemented within a 
reasonable period of time, and is economically viable. Additional areas of 
the site, which showed little or no contamination after initial sampling, may 
undergo further subsurface sampling. 




